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Introduction
The RedCap WID [1] defines among its objectives the specification of support for UEs with reduced maximum UE bandwidth and reduced minimum number of Rx branches, which impacts on the UE performance. Since these assumptions are different from the ones used on the definition of the RRM requirements for NR UEs, RAN4 is currently working on defining requirements for RedCap UEs with 1Rx.
Furthermore, the mobility requirements might be impacted if handover to RedCap BWP without CD-SSB is allowed. 
In the last RAN4 meeting, the following was agreed [3]: 
	2 
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3.1 Sub-topic 2-1 Handover
Requirements for HD-FDD in HO
· The UE shall meet HO requirements provided the following is met:
· SSB is available at the UE once every SMTC period during Tsearch.
· One SSB is available during T∆
· One SSB is available during Tiu
· Option 2a (ZTE): Any agreement can be captured in the spec in a way that describes the applicability of the requirements, instead of mandating specific UE/NW behavior.

3.2 Sub-topic 2-2 RRC re-establishment 
Lower bound in Max function in reestablishment delay
The lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx.
Impact on Tidentify (in reestablishment) for 1Rx in FR1
[bookmark: _Hlk97056791]RAN4 to relax the Tidentify- for RedCap reestablishment delay requirement with 1Rx by:
1. 1 more sample for unknown target cell (total of 11 x TSMTC) for intra-frequency and inter-frequency  

3.3 Sub-topic 2-3 RRC Connection release with redirection 
Impact on Tidentify-NR (in RRC connection release with redirection) for 1Rx in FR1
RAN4 to relax the Tidentify-NR  for RedCap RRC redirection delay requirement with 1Rx by 1 more sample.

3.4 Sub-topic 2-4 Random access 
RA requirements for HD-FDD
Following applies to CBRA: 
· The RedCap UE operating in HD-FDD mode is not expected to perform PRACH transmission on a PRACH resource of a cell if UE has not received at least one SSB associated with that PRACH resource during the last Tp period in the cell, where
· Option 1: Tp=160 ms.
· The RedCap UE operating in HD-FDD mode shall meet the PRACH requirements when performing PRACH transmission on a PRACH resource of a cell provided that the UE has received at least one SSB associated with that PRACH resource during the last Tp period before the PRACH transmission, where
· Option 1: Tp=160 ms
Offset to apply for 1 Rx UE
Network configures one RSRP/RSRQ threshold for 2 Rx RedCap UE (same as for legacy 2 Rx UE), and 1 Rx RedCap UE applies an offset to that threshold.  The offset is predefined in the specification.  
Impact due to early identification in RA
Early identification doesn’t impact RA requirements for RedCap UE.




Despite the good progress in the last 3 RAN4 meetings, the following items are still open:
	Impact on Tsearch (in HO) for 1Rx for FR1
· Option 2 (HW, QC): 
· For HO to FR1, Tsearch = 3*Trs for intra-frequency HO and Tsearch = 5* Trs for inter-frequency HO
· Compromise option from moderator (E///, Apple, MTK, Nokia, vivo):
· For HO to FR1, 
· Tsearch = 2*Trs for intra-frequency HO
· Tsearch = 5* Trs for inter-frequency HO

HO to target cell when SSB used for measurement and SSB associated with RACH BWP is different
· Option 1 (E///): The UE is not expected to perform HO to the target cell when:
· It has done measurement in target cell on SSB which is different than the SSB associated with BWP where RACH is configured and if the separation between initial BWP and Redcap BWPs is larger than 20 MHz for FR1 and 100 MHz for FR2

HO to a RedCap specific BWP with NCD-SSB (no CD-SSB)
· Option 1 (E///): Handover directly to a RedCap specific BWP where only NCD-SSB is transmitted is supported when:
· the difference of center frequency between NCD-SSB of target BWP and CD-SSB of initial BWP of target cell is not larger than 20MHz in FR1 and 100MHz in FR2,
· the difference of reception power between NCD-SSB and CD-SSB is less than 3dB,
· the periodicity of NCD-SSB and CD-SSB is the same

Requirements for handover to RedCap specific BWP with NCD-SSB (no CD-SSB)
· Option 1 (E///): Legacy NR handover requirements can be reused for handover to a target RedCap specific BWP where NCD-SSB is transmitted when the periodicity of NCD-SSB and CD-SSB is same. 

Handover to RedCap specific BWP with no SSB
· Option 1 (E///): When there is no SSB transmission in a target RedCap specific BWP, handover to that RedCap specific BWP is supported when: 
· target RedCap specific BWP and initial BWP of target cell are not separated by larger than 20MHz in FR1 and 100MHz in FR2.
· Option 2 (Apple): When there is no SSB transmission in a target RedCap specific BWP, handover to that RedCap specific BWP is supported but no requirement applies. 
· Option 3 (MTK): When there is no SSB transmission in a target RedCap specific BWP, handover to that RedCap then the UE shall switch back to CD-SSB.
· New Option 4 (Qualcomm): When the Redcap specific initial DL BWP is configured for RA only, and there is no SSB available in the redcap specific initial BWP, define the interruption time as
· Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin + TBWP-switching-delay ms
· Where, TBWP-switching-delay is the BWP switching delay 




This document discusses the mobility requirements for RedCap UEs.
Discussion
Tsearch for RedCap UEs with 1 Rx
In our contribution [4], we present the cell-detection results for RedCap UEs with 1 RX, they are repeated in the Annex for convenience. Our conclusion is that the number of required samples for PSS/ SSS detection is at most 2 samples, which is also considered in the requirements for Rel-15 NR, therefore, it is not changed for RedCap UEs with 1RX. 
However, since it was already agreed to extend the detection period, we propose that this extension is limited to 1 sample, at least for the intra-frequency case. For the inter-frequency case, we can compromise to the view of most companies in the past RAN4 meetings and extend it by 2 samples. 
RAN4 has agreed that the time for PSS/SSS detection in FR1 for RedCap UEs with 1 Rx is extended.
Tsearch for RedCap UE with 1 RX for intra-frequency handover, is Tsearch=2*Trs and for inter-frequency handover, Tsearch=5*Trs
Handover to RedCap specific BWP 
Among the open issues from the last meeting is the handover to RedCap specific BWP with NCD-SSB or without SSB. A non cell-defining SSB is not located at the channel raster and it is not associated to RMSI. 
RAN4 sent an LS to RAN2 about the topic, in [5]. Though the LS has not been answered yet, in RAN2 #117e – which occurred simultaneously to RAN4 #102 – the following was agreed:
	NCD-SSB should not be indicated in the handover command, i.e., network sets ServingCellConfigCommon => downlinkConfigCommon => frequencyInfoDL => absoluteFrequencySSB to the frequency of the CD-SSB (not the NCD-SSB)



RAN2 has agreed that NCD-SSB should not be indicated in the handover command.
Since the NCD-SSB should not be indicated in the handover command, it is our view that it is not possible to handover to a RedCap BWP with only NCD-SSB, therefore, there is no need to discuss the requirements for this case in RAN4.
The UE is not expected to perform HO to a RedCap specific BWP with only NCD-SSB.
Conclusion
In this contribution, the mobility requirements for RedCap UEs are discussed. The following observations and proposals are presented:
1. RAN4 has agreed that the time for PSS/SSS detection in FR1 for RedCap UEs with 1 Rx is extended.
1. Tsearch for RedCap UE with 1 RX for intra-frequency handover, is Tsearch=2*Trs and for inter-frequency handover, Tsearch=5*Trs
RAN2 has agreed that NCD-SSB should not be indicated in the handover command.
The UE is not expected to perform HO to a RedCap specific BWP with only NCD-SSB.
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Annex
Table 1 – NR PSS-SSS acquisition time, in number of samples, required for a RedCap UE with 1Rx successfully detecting PSS and SSS in different scenarios in FR1 and FR2
	
	Cell Id: 674
	Cell Id: 673

	
	Sync
	Async
	Sync
	Async

	FR1,15kHz,AWGN
	1
	1
	1
	1

	FR1,30kHz,AWGN
	1
	1
	1
	1

	FR1,15kHz,TDLA 30 ns
	1
	1
	1
	2

	FR1,30kHz,TDLA 30 ns
	1
	2
	1
	1

	FR1,15kHz,TDLB 100 ns
	1
	1
	1
	1

	FR1,30kHz,TDLB 100 ns
	1
	2
	1
	1

	FR1,15kHz,TDLC 300 ns
	1
	1
	1
	1

	FR1,30kHz,TDLC 300 ns
	1
	2
	1
	1

	FR2,120kHz,AWGN 
	1
	1
	1
	1

	FR2,240kHz,AWGN 
	1
	1
	1
	1

	FR2,120kHz,TDLA 30 ns
	1
	2
	1
	1

	FR2,240kHz,TDLA 30 ns
	1
	1
	1
	1



